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Introduction {#sec005}
============

There is a wealth of evidence on a range of essential interventions to prevent maternal and newborn deaths \[[@pone.0228137.ref001]--[@pone.0228137.ref003]\]. More than half of all newborn deaths could be averted by providing care during the postpartum period: 30% can be averted with care of small and ill newborns; 12% with care of healthy newborns; and 10% with immediate newborn care \[[@pone.0228137.ref002]\]. Evidence also suggests that high coverage and quality of essential packages for maternal and newborn health (MNH) services, basic and emergency obstetric care, and postnatal care across the continuum of care could avert about two-thirds of newborn and child deaths \[[@pone.0228137.ref004]\]. A recent systematic review also shows the continuity of care from antepartum to postpartum periods may reduce the risk of combined newborn, perinatal, and maternal mortality by 15% \[[@pone.0228137.ref005]\] and reduce neonatal and perinatal mortality risk by 21% and 16%, respectively \[[@pone.0228137.ref006]\].

However, such life-saving care has not been implemented adequately in low-and-middle-income countries \[[@pone.0228137.ref006]--[@pone.0228137.ref009]\]. The Ethiopian situation is not different. Despite a three-fold increase in institutional delivery in Ethiopia, from 10% in 2011 to 28% in 2016, there are high dropout rates across the continuum of MNH care \[[@pone.0228137.ref010], [@pone.0228137.ref011]\]. The Ethiopian Demographic and Health Survey 2016 reports that while 62% of pregnant women received skilled antenatal care (ANC) and 28% delivered their babies under the guidance of a skilled person, only 17% received postnatal care (PNC) within 48 hours \[[@pone.0228137.ref010], [@pone.0228137.ref011]\]. Moreover, studies report that some key components are not provided at ANC, delivery, and PNC stages \[[@pone.0228137.ref012]--[@pone.0228137.ref014]\], even if women visit health facilities. The proportion of women with obstetric complications treated in health facilities (i.e., who met need for emergency obstetric and newborn care \[EmONC\]) remains very low, though it did increase from 6% in 2008 to 18% in 2016 \[[@pone.0228137.ref015]\].

Evidence shows that use of MNH services is influenced by myriad socio-demographic, health service-related, and cultural factors \[[@pone.0228137.ref016]--[@pone.0228137.ref026]\]. Multiple studies find maternal age, parity, lack of time, education, marital status, women's economic status, residence, and distance to health facility are significant predictors of use of maternity care services \[[@pone.0228137.ref016], [@pone.0228137.ref018], [@pone.0228137.ref027], [@pone.0228137.ref028]\]. Accordingly, intervention strategies targeting improved use of MNH services should address both supply- and demand-side factors.

Community participation has been promoted as a critical component of a human rights-based approach to primary health care to build a resilient health system \[[@pone.0228137.ref029], [@pone.0228137.ref030]\]. It has been presumed to improve health outcomes, access, equity, acceptability, service quality, and responsiveness \[[@pone.0228137.ref031]\]. Community participation in MNH program planning and implementation as well as in quality improvement (QI) processes for MNH services is a compelling strategy for improving service quality \[[@pone.0228137.ref030], [@pone.0228137.ref032]\]. However, its impact on QI depends on its proper design of strategy and implementation.

Evidence from developing countries shows that community participation is effective in decreasing newborn mortality \[[@pone.0228137.ref033]--[@pone.0228137.ref035]\]. Studies also indicate that community participation in health care QI strategies lowers newborn mortality rates. In Malawi, a randomized controlled trial of combined participatory women's groups and QI at health centers demonstrates a reduction in newborn mortality \[[@pone.0228137.ref036]\]. Another observational study in Ethiopia indicated that QI approaches increase use of maternal care services \[[@pone.0228137.ref037]\]. There is, however, no sufficient evidence that community participation is associated with better maternal health outcomes, such as improving service access, use, quality, or responsiveness \[[@pone.0228137.ref033], [@pone.0228137.ref034]\]. Particularly, the effect of community-participation on the uptake of skilled care and immediate postnatal care is not well documented \[[@pone.0228137.ref033], [@pone.0228137.ref037]--[@pone.0228137.ref039]\].

We implemented a participatory community and facility QI intervention, the Participatory Community Solutions (PC-Solutions) strategy to remove supply- and demand-side barriers to desirable MNH care behaviors and practices. This study used mixed-methods research to evaluate the effect of the PC-Solutions strategy on improving MNH care behaviors and practices in selected rural areas of Ethiopia.

In the first phase, the quantitative surveys were conducted to evaluate the effectiveness of the PC-Solution strategy on the use of MNH behaviors and practices. In the second phase, qualitative research was conducted to explain the findings of the quantitative study and facility surveys; document what happened during the PC-Solutions implementation process; understand the complex participatory community QI process; and assess the scalability of the intervention. The qualitative component was to illuminate how the intervention affected outcomes.

Methods {#sec006}
=======

Study settings {#sec007}
--------------

### Ethiopian health system {#sec008}

Ethiopia has a three-tiered health system designed to deliver services. The first level is primary health care, which serves an administrative district (*woreda*) with an average population of about 100K. The second level is a general hospital that serves the catchment population of approximately 10 woredas (about 1 million people), and the third level is a specialized hospital that serves the catchment population of five general hospitals (about 5 million people). In rural woredas, primary care comprises a primary hospital and a primary health care unit (PHCU) of one health center and five satellite health posts for every 25K people in the woreda \[[@pone.0228137.ref040]\].

Within the PHCU is Ethiopia's flagship Health Extension Program (HEP), which establishes one health post and deploys two health extension workers (HEWs) in each *kebele* (a community of about 5,000 people) in the country to provide basic promotive, preventive, and curative health services \[[@pone.0228137.ref041]\]. To extend the reach of the HEP and mobilize the community and households, the Federal Ministry of Health (FMOH) established a network of women's development army (WDA) members. Each WDA member is assigned to five households and encourages families to adopt and practice healthy behaviors \[[@pone.0228137.ref042]\].

The FMOH is committed to achieving the health-related Sustainable Development Goals (SDGs). The targets for improving reproductive, maternal, newborn, and child health (RMNCH) outcomes of its Health Sector Transformation Plan (HSTP) are aligned with the SDGs of reducing maternal and newborn mortality rates \[[@pone.0228137.ref043], [@pone.0228137.ref044]\]. To achieve these objectives, the HSTP aims to strengthen health systems to provide universal access to high-quality promotive, preventive, curative, and rehabilitative services. One of the key aspects of ensuring universal access to health services is engaging communities in the governance and accountability of their health system by monitoring program performance and ensuring service quality \[[@pone.0228137.ref045]\].

### Project description {#sec009}

JSI Research & Training Institute, Inc. (JSI), with funding from the Bill & Melinda Gates Foundation, implements the Last Ten Kilometers (L10K) 2020 project strategies to involve communities in improving high-impact RMNCH care behavior and practices in 115 woredas in four of the most populous regions of the country (Amhara, Oromia, Southern Nations, Nationalities and Peoples \[SNNP\], and Tigray), covering about 19 million people, to help meet HSTP MNH targets. Its strategies include community-based data for decision-making (CBDDM), family conversation, and birth notification \[[@pone.0228137.ref046]\].

CBDDM is used to identify pregnant women and ensure they receive ANC, intrapartum care, and PNC for themselves and their infants \[[@pone.0228137.ref046]\]. L10K 2020 also introduced a birth notification strategy to promote postnatal care. Family conversation is a forum conducted at the home of a pregnant woman with her family members and relatives who are encouraged to support her during pregnancy, labor, delivery, and the postpartum period to promote birth preparedness and essential newborn care \[[@pone.0228137.ref047]\].

### Intervention description {#sec010}

The project implemented the PC-Solutions strategy in eight of the 115 L10K 2020 Platform woredas (two in each region) between March 2016 and October 2017. This integrated intervention joined communities (including health posts) and facilities (health centers) and built on two previous JSI interventions; Participatory Community Quality Improvement and Early Care-Seeking and Referral Solutions \[[@pone.0228137.ref037], [@pone.0228137.ref048], [@pone.0228137.ref049]\]. PC-Solutions emphasized quality of care throughout the primary health care level by including communities, along with providers and managers at the primary health care level and the woreda health office, as a critical constituency.

The PC-Solutions strategy is a four-step QI process (plan-do-study-act), for MNH services provided at PHCUs ([Fig 1](#pone.0228137.g001){ref-type="fig"}). In the first step, a joint situational analysis was conducted in the PHCUs using workflow mapping, client exit interviews, document review, and focus group discussions with mothers and WDA members. Following the assessment, a meeting with community members, HEWs, health center staff, woreda health office staff, and referral hospital staff was held to discuss assessment findings, consolidate points, and identify priority problems and their solutions.

![Participatory community QI cycle.](pone.0228137.g001){#pone.0228137.g001}

Challenges identified during the assessment included delayed ANC booking, suboptimal use of PNC, and poor quality ANC, obstetric care, and PNC. The main problems were: 1) delayed identification of pregnant women and linking them to health center and health post/HEW; 2) inability of health workers to use partograph; and 3) delayed notification of recently delivered women to HEWs for PNC. Community members also mentioned cultural taboos on disclosing pregnancy before a certain amount of time (i.e., people believe that the pregnancy might end in miscarriage if mothers disclosed earlier); lack of awareness (even among WDA members) of the importance of early ANC booking; suboptimal use of PNC; and late notification of births to the HEWs hindering ability to initiate PNC immediately following birth.

Encouraging early ANC booking, increasing use of PNC, and improving quality of ANC, obstetric care, and PNC were PC-Solutions' priorities. Its interventions included early identification and notification system of pregnancy and postpartum mothers; introduction of ANC defaulter tracing mechanism through the WDA members; using mentors and peer learning for onsite partograph training for health care providers; introduction of automated monitoring tools at PHCUs to use data for decision making; and establishing health facility QI teams that included community members. The strategy also included monthly follow up and coaching visits from L10K 2020; monthly QI meetings at health centers and in communities for health post staff, HEWs, and WDA members to review data and progress; quarterly learning sessions; and QI refresher training for facilitators ([Table 1](#pone.0228137.t001){ref-type="table"}).

10.1371/journal.pone.0228137.t001

###### Intervention descriptions.

![](pone.0228137.t001){#pone.0228137.t001g}

  Intervention                                                                                                                                                                                                                                                                                                                                                                                                  Description
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Continuous QI process                                                                                                                                                                                                                                                                                                                                                                                         During the implementation phase, internal learning sessions, technical support, and regular performance reviews were conducted at the health center and community levels.
  QI teams were established at the health center and at each community. Most of the technical staff from the health center participated in the implementation of the strategy. In each kebele, one person from the health center coordinated community-level implementation.                                                                                                                                    
  Introduced automated monitoring tools at PHCUs for data-based decision                                                                                                                                                                                                                                                                                                                                        
  **Change ideas implemented:**                                                                                                                                                                                                                                                                                                                                                                                 
      Early pregnancy identification and birth notification systems                                                                                                                                                                                                                                                                                                                                             *Used local structures and forums*: places where women meet, like hairdressers in Tigray, religious ceremonies, and monthly meetings with WDA members have been used to identify pregnant women.
  *Used local wisdom*: WDAs identified pregnancies for early ANC checks. Among the pregnancy signs used to identify pregnancy were lack of appetite; vomiting; stomach ache; exhaustion; expression of discomfort on face; and headaches.                                                                                                                                                                       
  *Implemented use of pregnancy identification and birth notification cards*: Once the WDAs identified pregnant mothers in their catchment, they gave HEWs pregnancy identification cards to book early ANC. Health center staff sent a birth notification card for facility births to HEWs to initiate PNC as soon as the mother returned home. WDA members sent notification cards to HEWs for home births.   
  *Introduced defaulter tracing mechanism through WDA members* using pregnancy notification card                                                                                                                                                                                                                                                                                                                
      Provided MNH-related education to WDA and community members                                                                                                                                                                                                                                                                                                                                               HEWs taught the WDA and community members to encourage mothers to get ANC as early as possible. WDA members then mobilized community through social events such as coffee ceremonies, using peers during marketing and other community events
      Improved quality of intrapartum and newborn care                                                                                                                                                                                                                                                                                                                                                          Used checklists when providing ANC and PNC
  Held onsite partograph training for health care providers using mentors and peer learning                                                                                                                                                                                                                                                                                                                     
  Introduced quality of obstetric and newborn care after reassessment at the end of 2017 fiscal year.                                                                                                                                                                                                                                                                                                           
      Performance reviews                                                                                                                                                                                                                                                                                                                                                                                       Held monthly QI meetings at health centers and posts to review data and progress and take corrective actions; quarterly learning sessions; and review meetings.
      Monthly follow-up and coaching visit                                                                                                                                                                                                                                                                                                                                                                      Used standard checklist and technical support from L10K 2020 and woreda health office staff at health centers and in communities. Support focused on staff technical competence, the content of care, and quality measurement (record-keeping, data analysis, and use). Performances were measured against stated aims; reasons or challenges that underpinned change ideas were identified; joint discussion held to narrate action points, and way forward directed.

In the first plan of the PC-Solution strategy, early ANC and PNC, continuity of ANC visits, and partograph use were prioritized and implemented over two years. Intrapartum and newborn care quality were introduced after a reassessment at the end of fiscal year 2017.

Quality improvement teams were formed at the health center and community levels and included health center service providers, HEWs, WDA members, and local administrators. The QI team collated and triangulated administrative data from health centers and posts to inform QI cycle plan and study fora.

The overall QI approach of PC-Solutions included joint "planning and acting" and independent kebele- and the health center level "do and study" fora. The kebele-level do and study cycles were facilitated by health center staff with participation of the kebele-level QI team. Community members identified bottlenecks and solutions and helped implement and monitor the process to improve facility quality and performance.

Study design {#sec011}
------------

We evaluated the effects of PC-Solutions strategy using mixed-methods research. Four rounds of cross-sectional surveys of all eight health centers were conducted in March 2016, October 2016, April 2017, and October 2017.

A pre-/post-test nonequivalent group study design was nested within the household surveys of women with children 0--11 months conducted in March 2016 and November 2017 to monitor MNH care behaviors and practices in the 115 L10K 2020 intervention areas \[[@pone.0228137.ref050]\]. To evaluate the effectiveness of the PC-Solution strategy, changes in household MNH care behavior and practices between the two surveys were compared between L10K 2020 Platform areas with and without the PC-Solutions strategy.

Researchers choose a programmatic qualitative research design to answer the qualitative objectives. The interview technique was face-to-face in-depth interviews (IDIs) of WDA members, HEWs, health center directors, health center staff, and L10K 2020 QI specialists from four PHCUs. The qualitative study was conducted in September 2018.

Sample size and data collection {#sec012}
-------------------------------

All eight health centers were visited for the facility survey. Data were collected through interviews with providers and a review of patient records and service statistics.

For the household surveys, the sample size was powered to detect 10 percentage-points difference between two survey periods for an indicator with alpha error set at 0.05; beta error set at 0.20; and cluster survey design-effect set at 2.0 for the comparison area and 1.0 for the intervention area. The point estimates for an indicator at baseline and follow-up were assumed to be 45% and 55%, respectively, to yield the largest sample size to detect the desired change. Accordingly, the sample size for the intervention area was determined to be 400 women with children ages 0--11 months; for the comparison area, the sample size was 800 women with children ages 0--11 months.

The household surveys employed a two-stage cluster sampling method stratified by program domain and region. Within each stratum, kebeles were selected as primary sampling units with the probability of selection being proportionate to population size (first stage); at the second stage, the sampling strategy described by Lemeshow and Robinson (1985) \[[@pone.0228137.ref051]\] was used to select households with target respondents and interview them. To do so, a kebele was sub-divided into three equal segments (sub-kebeles) and four respondents from each segment were interviewed. To identify the first respondent, the interviewers went to the population center of the segment (the point in the segment where the population is about equally distributed on all sides), spun a pen on the ground, and chose the first household in the direction that the pen pointed after it stopped spinning. Consecutive households were visited until the desired sample size was achieved, moving away from the middle of the segment. If the household had women with children 0--11 months and they consented, they were interviewed.

Kebeles visited for data collection during the baseline survey were revisited during the follow-up survey.

A total of 39 kebeles in the intervention area were selected for the study. The strategy estimated that about 80 kebeles from the comparison area would be available to obtain the required sample size. However, as the L10K 2020 innovations were not scaled-up to other woredas as initially planned, the domain of the comparison area included more woredas. Therefore, the number of kebeles representing the comparison area was 148, and the power of the sample was greater than 80% to detect a minimum of 10 percentage points intervention effect. The final sample size of respondents at baseline and follow-up were 2,268 (473 interventions and 1,795 comparison) and 2,244 (468 intervention and 1,776 comparison), respectively.

Data were collected using a structured interview questionnaire ([S2 Appendix](#pone.0228137.s002){ref-type="supplementary-material"}) designed into an Android mobile application SurveyCTO collect \[[@pone.0228137.ref052]\].

An interview guide with open-ended questions was used to capture qualitative information from informants ([S3 Appendix](#pone.0228137.s003){ref-type="supplementary-material"}). We recruited four research assistants, (one per region), who spoke the local language; who have a health background; and who have experiences in qualitative research, to do the interview. We oriented research assistants to maintain neutral so as to not influence the participants' responses. Moreover, we thoroughly discussed with the research assistants on interview techniques to engage participants throughout the interview and to get a truthful and honest answer.

Stratified purposive sampling schemes were used to obtain in-depth information. First, we selected one intervention PHCU from each region to gather detail and contextually relevant data. Then, in each PHCU, staff from the health center and all health posts and selected active WDA members in catchment kebeles were recruited for the study. The research team interviewed the PHCU director, PHCU staff who were actively participating in the implementation of the PC-Solutions strategy, and those who facilitated the community-level QI cycle. We also interviewed the L10K 2020 technical specialists for the PC-Solutions strategy in each region. Through the facilitation of the PHCU director and regional staff, the research team approached HEWs and WDA members and invited them to participate in IDIs at the health post and their home, respectively.

Theoretical sampling technique was used to collect rich information from community health workers until saturation of categories with data is achieved. In-depth interviews of HEWs and WDAs were conducted until saturation of information is reached. All health workers who were actively participating in the implementation of the PC-Solutions strategy and L10K 2020 QI specialists were included. Accordingly, 51 IDIs were conducted with WDAs, HEWs, health center directors, health center staff and L10K 2020 QI specialists ([Table 2](#pone.0228137.t002){ref-type="table"}). All recruited participants participated, no one refused to participate in the study.

10.1371/journal.pone.0228137.t002

###### Outline of participants for qualitative research.

![](pone.0228137.t002){#pone.0228137.t002g}

  Respondent category                               Workplace                                                  Number   Total                      
  ------------------------------------------------- ---------------------------------------------------------- -------- -------- -------- -------- --------
  L10K 2020 field QI specialists                    L10K 2020 regional offices                                 1        1        1        1        4
  Health workers (nurse/midwives/health officers)   Intervention health centers at primary health care level   3        3        2        4        12
  **Community health workers:**                                                                                                                    
      HEWs                                          Frontline grass root level health workers                  5        4        5        4        18
      WDA members                                   Community volunteers                                       4        4        4        5        17
  **Total**                                                                                                    **13**   **12**   **12**   **14**   **51**

Measurements {#sec013}
------------

The dependent variables of interest were the household and provider MNH care behaviors and practices that were expected to be affected by the intervention measured by the household survey.

MNH care indicators and facility readiness and performance definitions are in [Table 3](#pone.0228137.t003){ref-type="table"}.

10.1371/journal.pone.0228137.t003

###### Definition of MNH care and facility readiness and performance indicators.

![](pone.0228137.t003){#pone.0228137.t003g}

  Indicators                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Definitions
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Readiness and performance of the health centers**                                                                                                                                                                                                                                                                                                                                                                                                                                 
  BEmONC signal functions                                                                                                                                                                                                                                                                                                                                                                                                                                                             EmONC is a set of life-saving interventions that treat the major obstetric and newborn causes of morbidity and mortality. To assess the level of care, these functions are classified as basic (BEmONC) or comprehensive (CEmONC).
  BEmONC services comprise: 1) administration of parenteral antibiotics to prevent puerperal infection or treat abortion complications; 2) administration of parenteral anticonvulsants for treatment of eclampsia and preeclampsia; 3) administration of parenteral uterotonic drugs for postpartum hemorrhage; 4) manual removal of the placenta; 5) assisted vaginal delivery (vacuum extractions); 6) removal of retained products of conception; and 7) newborn resuscitation.   
  The following newborn functions were also assessed: 1) antibiotics for preterm or prolonged premature rupture of membrane (PROM) to prevent infection; 2) corticosteroids in preterm labor; 3) kangaroo mother care (KMC) for premature/very small babies; 4) alternative feeding if baby is unable to breastfeed (breast milk expression and cup/spoon-feeding); and 5) injectable antibiotics for newborn sepsis \[[@pone.0228137.ref012]\]                                       
  Readiness to perform signal functions                                                                                                                                                                                                                                                                                                                                                                                                                                               Health centers' readiness to provide the BEmONC signal functions was defined as the availability of equipment, commodities, and drugs (yes/no response). The specific items linked to each signal function are shown below.
      Administer parenteral antibiotics                                                                                                                                                                                                                                                                                                                                                                                                                                               Availability of injectable gentamicin, ampicillin, metronidazole, OR ceftriaxone.
      Administer uterotonic drugs                                                                                                                                                                                                                                                                                                                                                                                                                                                     Availability of parenteral oxytocin.
      Administer parenteral anticonvulsants                                                                                                                                                                                                                                                                                                                                                                                                                                           Availability of magnesium sulfate or diazepam.
      Manually remove the placenta                                                                                                                                                                                                                                                                                                                                                                                                                                                    Availability of round-the-clock manual removal of placenta services and of at least one BEmONC trained provider.
      Remove retained products of conception                                                                                                                                                                                                                                                                                                                                                                                                                                          Availability of manual vacuum aspiration or E&C/D&C set and at least one BEmONC-trained provider.
      Perform assisted vaginal delivery                                                                                                                                                                                                                                                                                                                                                                                                                                               Availability of vacuum extractor and at least one BEmONC-trained provider.
      Perform basic neonatal resuscitation                                                                                                                                                                                                                                                                                                                                                                                                                                            Availability of Ambu-bag and mask (both small for preterm babies and normal masks) and at least one BEmONC-trained provider.
      Antibiotics for preterm or prolonged PROM to prevent infection                                                                                                                                                                                                                                                                                                                                                                                                                  Availability of oral erythromycin and ampicillin or ceftriaxone.
      Corticosteroids in preterm labor                                                                                                                                                                                                                                                                                                                                                                                                                                                Availability of parenteral corticosteroids (betamethasone/dexamethasone).
      KMC for premature/very small babies                                                                                                                                                                                                                                                                                                                                                                                                                                             Availability of dedicated space for KMC and trained staff.
      Alternative feeding if baby is unable to breastfeed (breast milk expression and cup/spoon-feeding)                                                                                                                                                                                                                                                                                                                                                                              Availability of utensils for breast milk expression and cup feeding.
      Injectable antibiotics for newborn sepsis                                                                                                                                                                                                                                                                                                                                                                                                                                       Availability of injectable ampicillin and gentamicin.
  Partograph use rate                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Of deliveries in the health centers in the past one month, proportion whose labor was monitored using partograph.
  Uterotonics given for active management of the third stage of labor (AMTSL)                                                                                                                                                                                                                                                                                                                                                                                                         Of deliveries in the health facilities in the past one month, proportion given uterotonics immediately after delivery to prevent postpartum hemorrhage (PPH).
  **Women's care-seeking behavior**                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  At least one ANC                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \% of women who visited a health facility for check-up during her last pregnancy at least once
  ANC in 1st trimester                                                                                                                                                                                                                                                                                                                                                                                                                                                                \% of women who visited a health facility for check-up during the first trimester of last pregnancy
  ANC 4+                                                                                                                                                                                                                                                                                                                                                                                                                                                                              \% of women who went to a health facility for antenatal care at least 4 times during the last pregnancy
  ANC in 1st & last trimester                                                                                                                                                                                                                                                                                                                                                                                                                                                         \% of women who went to a health facility for check-up during her first trimester and during her last trimester of the last pregnancy
  Skilled birth attendance                                                                                                                                                                                                                                                                                                                                                                                                                                                            \% of women who were assisted by a health professional (doctor, nurse, or midwife) during the last childbirth
  **Providers' service provision behavior**                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Complete ANC                                                                                                                                                                                                                                                                                                                                                                                                                                                                        \% of women who had their blood pressure measured, and blood and urine tested during last pregnancy
  ANC consultation experience (perceived ANC)                                                                                                                                                                                                                                                                                                                                                                                                                                         ANC experience is an index constructed using the following survey items: 1) How respectfully were you treated in the health center (or health post)? Would you say very respectfully, respectfully, disrespectfully, or very disrespectfully (a 4-point Likert-type scale); 2) In your opinion, how knowledgeable was the health professionals in the health center (or health post)? Would you say very knowledgeable, knowledgeable, or not knowledgeable (a 3-point Likert-type scale); 3) Overall, how comfortable are you at the health center (or health post)? Would you say very comfortable, comfortable, uncomfortable, or very uncomfortable (a 4-point Likert-type scale); and 4) how responsive was the health center (or health post) to your needs? Would you say very responsive, responsive, unresponsive, or very unresponsive (a 4-point Likert-type scale)? To account for the difference in the number of points in the Likert-type responses of the items, the mean of each of the items was standardized and then aggregated to obtain the ANC experience index. We reversed the index so that higher score indicated relatively better ANC experience. The index score was recalibrated to range between 0 and 10.
  Cronbach's alpha (reliability coefficient) for the 4 items was 0.87. However, the distribution is found to be skewed. As such, we categorized into 2 groups; those who have the maximum score and others.                                                                                                                                                                                                                                                                           
  ANC counseling                                                                                                                                                                                                                                                                                                                                                                                                                                                                      ANC counseling is an index constructed using binary response items measuring whether a woman received ANC counseling for 1) breastfeeding; 2) postpartum family planning; 3) HIV; 4) maternal nutrition; 5) danger signs of pregnancy; 6) birth preparedness and complication readiness; and 7) newborn care. The yes responses were coded 0 and no coded 1, and the 7 items aggregated to construct the index. The index score was recalibrated to range between 0 and 10, with a higher score indicating better ANC counseling.
  Cronbach's alpha for the 7 items was 0.86. Then, we categorized into 2 groups; those with the maximum score and others.                                                                                                                                                                                                                                                                                                                                                             
  Perceived knowledge of providers                                                                                                                                                                                                                                                                                                                                                                                                                                                    This is based on delivery experience at the health facility. Women were asked, "In your opinion, how knowledgeable are the health professionals in the health center? Would you say very knowledgeable, knowledgeable, or not knowledgeable?"
  "Very knowledgeable and knowledgeable" are categorized as knowledgeable.                                                                                                                                                                                                                                                                                                                                                                                                            
  Satisfaction with delivery care                                                                                                                                                                                                                                                                                                                                                                                                                                                     Women were asked, "If a close friend of yours were pregnant, would you recommend that she deliver at the same facility where you did, at another health facility, or would you recommend that she not deliver at any health facility?" If they recommended going to the same facility, it is categorized as "satisfied;" otherwise categorized as "not satisfied."
  Disrespect and abuse                                                                                                                                                                                                                                                                                                                                                                                                                                                                Disrespect and abuse were defined if a woman experienced any of the following categories of disrespect and abuse during childbirth in a facility: 1) physical abuse; 2) treatment without permission; 3) violate privacy; 4) violate confidentiality; 5) verbal abuse; and 6) left unattended.
  PNC within 48 hours for the mother (home)                                                                                                                                                                                                                                                                                                                                                                                                                                           \% of women who received postpartum care at their home within 48 hours of last childbirth
  PNC within 48 hours for the baby (home)                                                                                                                                                                                                                                                                                                                                                                                                                                             \% of women who received newborn care at their home within 48 hours of last childbirth
  PNC within 48 hours for the mother (both at home and facility)                                                                                                                                                                                                                                                                                                                                                                                                                      \% of women who received postpartum care at the health facility or at their home within 48 hours of last childbirth
  PNC within 48 hours for the baby (at home and facility)                                                                                                                                                                                                                                                                                                                                                                                                                             \% of women who received newborn care at the health facility or at their home within 48 hours of last childbirth
  Stayed in facility for 24 hours or more                                                                                                                                                                                                                                                                                                                                                                                                                                             \% of women who stayed for 24 hours or more in the facility after the delivery
  Birth notification (home birth)                                                                                                                                                                                                                                                                                                                                                                                                                                                     \% of women who delivered at home and took measures to inform the HEW about childbirth immediately after delivery
  Birth notification (institutional birth)                                                                                                                                                                                                                                                                                                                                                                                                                                            \% of women who delivered at facility and took measures to inform the HEW about childbirth immediately after delivery
  Used motor vehicle transport                                                                                                                                                                                                                                                                                                                                                                                                                                                        \% of women among those who gave birth at facility and used motor vehicle transport to get there

The independent variables that were considered as potential confounders were the individual-, household-, and kebele-level sample characteristics and administrative regions. The individual-level characteristics considered were age, education, marital status, parity, and religion; the household-level characteristics were wealth and distance of the respondents' household from the nearest health facility; and the kebele-level characteristic considered was region.

The wealth index score was constructed for each household with the principal component analysis of the household possessions (electricity, watch, radio, television, mobile phone, telephone, refrigerator, table, chair, bed, electric stove, and kerosene lamp), and household characteristics (type of latrine and water source). The households were ranked according to the wealth score and then divided into five quintiles \[[@pone.0228137.ref053]\].

Analysis {#sec014}
--------

Stata 15.1 was used for the statistical analysis conducted for this study \[[@pone.0228137.ref054]\]. The health facility indicators were presented by survey periods.

The background characteristics of household respondents were compared between study arms at baseline and at follow-up survey periods using Pearson's chi-squared statistics. Similarly, the unadjusted MNH indicators were compared.

To estimate the adjusted intervention effects, the propensity scores were first estimated for each kebele using a logit model that predicted the kebeles in the intervention area at baseline. The covariates of the logit model were kebele averages of individual and household characteristics at baseline, kebele averages of MNH care behavior and practice indicators at baseline, kebele characteristics at baseline, and administrative regions. Covariates that had less than 0.2 p-value in the logit model were dropped using stepwise-backward selection \[[@pone.0228137.ref055], [@pone.0228137.ref056]\]. The final logit model from the stepwise procedure included the following covariates: education, religion, administrative region, first ANC, ANC in the first trimester, complete ANC, ANC experience score, ANC in the first and last trimester, PNC within 48 hours at home and at facility for the mother, and home birth notification. Intervention and comparison kebeles with similar propensity scores at baseline were coded so that they could be identified as similar.

To assess the adequacy of the matching, t-tests were performed to ensure that the covariates of the final logit model were not statistically significantly (p\>0.1) between the intervention and the control kebeles, after accounting for the matched kebeles.

Finally, intervention effects (difference-in-difference) was estimated from kebele-level random effect models predicting the outcome of interest with indicator variables for study arm, survey period, the interaction term between study arm and survey period, and for the kebeles that matched between the intervention and comparison areas (dummy variables) as the predictors. Stata's 'margins' command was used to obtain adjusted estimates of the outcomes of interest according to study arm and survey period and the difference-in-difference (DiD) (i.e. intervention effects).

For the qualitative component of the study, audio records from IDIs were transcribed verbatim. The data were analyzed thematically. The transcript texts were manually coded. Then, themes were derived from the data coded. The codes, categories and the concepts emerged from an interview group were verified by linking the emerging categories with the data received from another group of informants to improve the trustworthiness of the qualitative data analysis. These categories were also linked to quotes from the research informants to ensure the reliability of the study. During reporting, participant quotations are presented to illustrate the themes/findings.

Ethics approval and consent to participate {#sec015}
------------------------------------------

Ethical clearances for the surveys were obtained from the ethical review boards of Amhara, Oromia, SNNP, and Tigray Regional Health Bureaus, and JSI. All participants were informed about the purpose of the study; benefits and hazards of the study were explained to all study participants, and each participant was notified of his/her right to opt out when responding to questions. Verbal consent was sought and documented before conducting any interviews. If the respondent was younger than 18 years old, consent was sought from her husband or guardian. Because the majority of the respondents were not expected to be able to read or write; written consent was not sought. If the respondent agreed to be interviewed after listening to the consent statement, the interviewer marked the questionnaire as consent given below the consent statement and signed below that. The interviewer continued with the interview only after receiving and documenting consent. The survey protocol submitted to the ethical review committee included the study questionnaire with the statement that described the consent-obtaining procedure. Moreover, the information obtained from the research participants was kept private (codes were used during reporting of the IDI quotes).

Results {#sec016}
=======

The evaluation results are presented as follows; first, the MNH indicators and BEmONC functions from the facility surveys; followed by, the quasi-experimental study findings; and finally, the qualitative study findings.

The MNH indicators and the BEmONC functions from the facility survey {#sec017}
--------------------------------------------------------------------

### Performance of BEmONC signal functions {#sec018}

Based on the definition of functional BEmONC facility \[[@pone.0228137.ref057]\], about half of the health centers were ready to provide the seven functions, but only 13% were doing so in the last three months. Likewise, while 69% of them were ready to provide six BEmONC functions, only about 13% of health centers were doing so, with no significant change over time ([Table 4](#pone.0228137.t004){ref-type="table"}).

10.1371/journal.pone.0228137.t004

###### Health center readiness to provide BEmONC signal functions (%).
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  Signal functions                              March 2016   October 2016   April 2017   October 2017
  --------------------------------------------- ------------ -------------- ------------ --------------
  Parental antibiotics                          100.0        100.0          100.0        100.0
  Parenteral uterotonic                         100.0        100.0          100.0        100.0
  Parenteral diazepam/MgSO4                     87.5         100.0          87.5         100.0
  Removal of retained products                  87.5         87.5           87.5         75.0
  Manual removal of placenta                    100.0        100.0          \-           100.0
  Assisted vaginal birth                        100.0        100.0          100.0        62.5
  Newborn resuscitation                         87.5         100.0          87.5         75.0
  Antibiotics for pPRoM                         87.5         62.5           75.0         50.0
  KMC                                           0.0          0.0            25.0         0.0
  Corticosteroid                                25.0         37.5           87.5         37.5
  Newborn sepsis antibiotics                    75.0         62.5           62.5         50.0
  Alternate feeding for not breastfeeding       12.5         12.5           12.5         25.0
  Readiness to perform the 7 signal functions   62.5         87.5           62.5         50.0
  Readiness to perform the 6 signal functions   62.5         87.5           62.5         62.5

A significant number of health centers lacked provision of parenteral anticonvulsants and manual removal of placenta. Moreover, most lacked readiness and/or provision of most newborn signal functions including KMC, alternate feeding for non-breastfeeding babies, antibiotics for preterm premature rupture of membrane, corticosteroids for preterm labor, and antibiotics for sepsis.

### Coverage and quality of the facility-level MNH interventions {#sec019}

Integrated maternal and newborn health care of mothers who gave birth in the last month at the surveyed health centers were retrieved for review. In each period, about 36 delivery records (mothers' chart) per health center (a total of 1,014) were reviewed to assess the active management of third-stage labor and use of partograph. Seventy-six percent (774) of them used partograph and 86% (870) mothers were given prophylactic uterotonics for AMTSL to prevent PPH. [Fig 2](#pone.0228137.g002){ref-type="fig"} shows that trends in partograph use and administration of prophylactic uterotonics increased over the survey period.

![Partograph use and administration of prophylactic uterotonics.](pone.0228137.g002){#pone.0228137.g002}

During each survey period, data on number of deliveries, delivery outcomes, obstetric complications managed, low-birth-weight babies, and newborn sepsis and asphyxia were collected retrospectively for six months from surveyed health centers to understand the service use. The syphilis-testing rate increased from 26% in March 2016 to 38% in October 2017. The facility delivery rate increased from 57% in March 2016 to 64% in October 2017. The fulfilled need for BEmONC stalled at about 18% on average. Also, the percent of expected possible serious bacterial infection (PSBI) cases managed at health centers declined over the survey period.

The proportion of asphyxiated newborns managed with Ambu-bag and mask increased from 29% to 93% during the last two years. The proportion of preterm/low-birth-weight babies initiated KMC increased from 13% to 92% in the same period.

Sample characteristics of the household survey respondents {#sec020}
----------------------------------------------------------

As depicted in [Table 5](#pone.0228137.t005){ref-type="table"}, respondents were significantly different in their education distribution between the study arms. During both survey periods, intervention arm respondents were more likely to have higher education. However, during both survey periods, respondents of the two study arms were similar in terms of age, administrative region, and household wealth.

10.1371/journal.pone.0228137.t005

###### Sample characteristics, by study arm and survey period.
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  Characteristics                 Baseline       Follow-up                                            
  ------------------------------- -------------- ------------ ----------- -------------- ------------ -----------
  Age group                                                                                           
      15--19                      138 (7.7)      27 (5.7)     0.332       104 (5.9)      32 (6.8)     0.723
      20--34                      1,384 (77.1)   374 (79.1)               1,374 (77.4)   357 (76.3)   
      35--49                      273 (15.2)     72 (15.2)                298 (16.8)     79 (16.9)    
  Education                                                                                           
      No education                1,063 (59.2)   235 (49.7)   **0.001**   989 (55.7)     226 (48.3)   **0.016**
      Primary                     395 (22.0)     130 (27.5)               397 (22.4)     124 (26.5)   
      Higher                      337 (18.8)     108 (22.8)               390 (22.0)     118 (25.2)   
  Distance to a health facility                                                                       
      \< 30 minutes               752 (41.9)     185 (39.1)   0.537       839 (47.2)     215 (45.9)   0.859
      30 minutes to \< 1hr        601 (33.5)     168 (35.5)               537 (30.2)     143 (30.6)   
      1 + hrs.                    442 (24.6)     120 (25.4)               400 (22.5)     110 (23.5)   
  Wealth quintile                                                                                     
      Most poor                   412 (23.0)     97 (20.5)    0.131       356 (20.1)     88 (18.8)    0.812
      More poor                   366 (20.4)     82 (17.3)                349 (19.7)     88 (18.8)    
      Poor                        337 (18.8)     109 (23.0)               347 (19.5)     91 (19.4)    
      Less poor                   336 (18.7)     85 (18.0)                352 (19.8)     91 (19.4)    
      Least poor                  344 (19.2)     100 (21.1)               372 (21.0)     110 (23.5)   
  Region                                                                                              
      Tigray                      408 (22.7)     108 (22.8)   0.990       396 (22.3)     108 (23.1)   0.982
      Amhara                      469 (26.1)     120 (24.4)               468 (26.4)     120 (25.6)   
      Oromia                      456 (25.4)     122 (25.8)               456 (25.7)     120 (25.6)   
      SNNP                        462 (25.7)     123 (23.0)               456 (25.7)     120 (25.6)   
  No. of women                    1,795          473                      1,776          468          

Unadjusted estimates of MNH indicators {#sec021}
--------------------------------------

At baseline, the intervention arm had significantly higher coverage of MNH indicators including first ANC, ANC 4, complete ANC, ANC experiences mean score, birth notification, and use of motor vehicle transport than the comparison arm. On the other hand, the intervention arm had significantly lower coverage of ANC counseling mean score and perceived knowledge of providers. Likewise, at follow-up period, the intervention arm had higher coverage of MNH indicators except for ANC 4+, complete ANC, ANC counseling score, women's satisfaction with delivery care, disrespect and abuse, and use of motor vehicle transport ([Table 6](#pone.0228137.t006){ref-type="table"}).

10.1371/journal.pone.0228137.t006

###### Maternal and newborn health care practices between study arms and survey periods.
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  MNH indicators                                           Baseline       Follow-up                                                  
  -------------------------------------------------------- -------------- -------------- --------------- -------------- ------------ --------------
  **Women's care-seeking behavior**                                                                                                  
  \% at least one ANC                                      85.4 (1,792)   87.8 (471)     **\< 0.001**    92.6 (1,774)   468 (96.8)   **\< 0.001**
  (83.2, 87.7)                                             (86.0,89.6)    (91.0, 94.2)   (94.9, 98.8)                                
  \% ANC in 1st trimester                                  22.8 (1,758)   23.8 (463)     0.100           29.2 (1,729)   458 (36.7)   **0.013**
  (20.6, 24.9)                                             (21.8, 25.8)   (26.4, 32.0)   (30.6, 42.7)                                
  ANC 4+                                                   48.7 (1,758)   50.4 (463)     **0.013**       55.3 (1,729)   58.8 (458)   0.221
  (45.6, 51.8)                                             (47.5, 53.3)   (51.9, 58.7)   (52.8, 64.9)                                
  \% ANC in 1st & last trimester                           21.1 (1,758)   22.2 (463)     0.070           27.6 (1,729)   32.3 (458)   **0.024**
  (19.1, 23.2)                                             (20.3, 24.2)   (24.9, 30.4)   (28.4, 40.2)                                
  Skilled delivery                                         65.1 (1,765)   66.3 (470)     0.053           70.9 (1,761)   77.7 (460)   **0.003**
  (61.3, 68.8)                                             (62.7, 69.8)   (67.2, 74.6)   (72.7, 82.8)                                
  **Providers' service provision behavior**                                                                                          
  \% complete ANC                                          47.2 (1,792)   50.8 (471)     **\< 0.001**    59.4 (1,774)   63.3 (468)   0.150
  (43.7, 50.6)                                             (47.5, 54.1)   (55.8, 63.0)   (57.4, 69.2)                                
  ANC consultation experiences                             32.5(1,496)    30.0 (422)     **-0.001**      27.6 (1,622)   34.0 (456)   **0.026**
  (29.8, 35.1)                                             (27.7, 32.3)   (24.8, 30.3)   (28.1, 39.9)                                
  ANC counseling                                           39.8 (1,148)   42.1 (312)     **0.010**       47.1 (1,360)   48.0(401)    0.788
  (36.5, 43.2)                                             (39.0, 45.3)   (43.3, 50.8)   (741.1, 54.8)                               
  Perceived knowledge of providers                         49.3 (1,141)   46.0 (322)     **-\< 0.001**   42.1 (1,211)   50.0 (358)   **0.030**
  (46.2, 52.4)                                             (43.2, 48.7)   (38.6, 45.5)   (42.7, 56.5)                                
  Satisfaction with delivery care                          97.3 (1,141)   97.8 (322)     0.098           98.5 (1,211)   99.2 (358)   0.343
  (96.5, 98.1)                                             (97.2, 98.3)   (97.9, 99.2)   (97.9, 100.0)                               
  Disrespect and abuse                                     10.1 (1,086)   9.4 (315)      -0.208          8.4 (1,188)    8.8 (352)    0.867
  (8.3, 11.8)                                              (8.0, 10.7)    (6.7, 10.1)    (3.9, 13.8)                                 
  PNC in 48 hours of the mother (both home and facility)   27.7 (1,795)   28.1 (473)     0.601           34.3 (1,776)   50.4 (468)   **\< 0.001**
  (25.4, 30.1)                                             (25.9, 30.3)   (31.3, 37.2)   (44.1, 56.8)                                
  PNC in 48 hours of the baby (both home and facility)     26.1 (1,795)   26.3 (473)     0.758           32.3 (1,776)   49.4 (468)   **\< 0.001**
  (23.7, 28.5)                                             (24.1, 28.5)   (29.3, 35.2)   (42.8, 55.9)                                
  Home PNC in 48 hours (mother)                            6.8 (1,795)    7.1 (473)      0.386           10.2 (1,776)   15.2 (468)   **0.047**
  (5.7, 7.9)                                               (6.1, 8.1)     (8.4, 12.0)    (10.2, 20.1)                                
  Home PNC in 48 hours (baby)                              4.6 (1,795)    4.7 (473)      0.739           7.0 (1,776)    12.7 (468)   **0.034**
  (3.7, 5.5)                                               (3.9, 5.5)     (5.4, 8.6)     (7.4, 18.1)                                 
  Stayed in facility for 24 hours or more                  22.9 (1,795)   23.1 (473)     0.799           27.9 (1,776)   42.6 (468)   **\< 0.001**
  (20.6, 25.2)                                             (21.0, 25.2)   (25.1, 30.8)   (35.9, 49.3)                                
  Birth notification (home birth)                          47.2 (1,255)   49.3 (358)     **0.012**       58.4 (1,341)   68.9 (406)   **\< 0.001**
  (44.0, 50.4)                                             (46.3, 52.3)   (54.9, 61.9)   (63.1, 74.6)                                
  Birth notification (institutional birth)                 42.0 (1,156)   44.0 (326)     **0.025**       53.5 (1,219)   65.6 (366)   **\< 0.001**
  (38.8, 45.3)                                             (41.0, 47.1)   (49.8, 57.2)   (59.3, 71.9)                                
  Used motor vehicle transport                             53.7 (1,154)   55.8 (324)     **0.009**       59.5 (1,218)   58.1 (358)   0.672
  (49.2, 58.2)                                             (51.4, 60.1)   (54.9, 64.1)   (50.9, 65.3)                                

Intervention effects in MNH care practices {#sec022}
------------------------------------------

The intervention effects were adjusted for the baseline differences in the kebele-level MNH indicators and socio-demographic characteristics between the study arms (Tables [6](#pone.0228137.t006){ref-type="table"} and [7](#pone.0228137.t007){ref-type="table"}, respectively), using the propensity score matching (PSM) technique. The assessment of the balance of the sample characteristics and MNH indicators at baseline was found to be adequate. Between the baseline and follow-up surveys, ANC in the first trimester increased by 5.6 percentage points (from 26.5% to 32.1%) in the comparison area, which was statistically significant (p\<0.05). ANC in the first trimester increased by 13.3 percentage points (from 25.6% at baseline to 38.9% at follow-up) in the intervention area, which was also statistically significant (p \< .01). The increase in the coverage of that indicator was 7.6 percentage points higher in the intervention area than in the comparison area, which is attributable to the PC-Solutions strategy. In other words, the intervention effect (or the DID) was 7.6 percentage points. But the two-sided p-value of the statistical significance of the intervention effect was just above 0.05 (0.051), indicating it was not statistically significant. Nonetheless, the p-value for testing one-sided hypothesis (i.e., the increase in the coverage of the indicator in the intervention arm was higher than that in the comparison arm) was statistically significant (p = 0.026).

10.1371/journal.pone.0228137.t007

###### Propensity score matched DiD treatment effect estimations of MNH care practices, by survey period and study arm.
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  MNH indicators                                           Intervention   Comparison   Difference-in-difference                                                                                    
  -------------------------------------------------------- -------------- ------------ -------------------------- ------------- ------ ------ ------------------ ------------- ------------------- -------------
  **Women's care-seeking behavior**                                                                                                                                                                
  \% at least one ANC                                      89.6           97.5         7.8 (5.5--10.2)            **\<0.001**   89.2   94.1   4.9 (2.5--7.2)     **\<0.001**   3.0 (-0.0--6.0)     0.053
  \% ANC in 1st trimester                                  25.6           38.9         13.3 (7.1--19.4)           **\<0.001**   26.5   32.1   5.6 (1.1--10.2)    **0.015**     7.6 (-0.0--15.3)    0.051
  ANC 4+                                                   52.6           60.9         8.3 (2.5--14.1)            **0.005**     51.7   59.7   8.1 (3.5--12.6)    **\<0.001**   0.2 (-7.2--7.6)     0.954
  \% ANC in 1st & last trimester                           24.4           37.0         12.6 (6.5--18.7)           **\<0.001**   25.1   30.8   5.6 (1.1--10.2)    **0.014**     6.9 (-0.7--14.6)    0.075
  Skilled delivery                                         68.2           79.5         11.2 (6.6--15.9)           **\<0.001**   69.3   72.7   3.4 (-0.5--7.2)    0.089         7.9 (1.8--13.9)     **0.011**
  **Providers' service provision behavior**                                                                                                                                                        
  \% complete ANC                                          54.7           66.9         12.2 (6.8--17.6)           **\<0.001**   53.3   65.1   11.8 (7.5--16.1)   **\<0.001**   0.4 (-0.7--7.3)     0.914
  ANC consultation experiences                             29.2           33.2         4.0 (-0.2--10.0)           0.199         30.6   29.0   -1.6 (-6.9--3.6)   0.543         5.6 (-2.4--13.6)    0.171
  ANC counseling                                           41.6           47.6         6.0 (-1.0--13.0)           **0.093**     38.3   54.2   15.9 (9.8--21.9)   **\<0.001**   -9.8 (-19.2--0.5)   **0.039**
  Perceived knowledge of providers                         42.5           46.3         3.7 (-3.5--11.0)           0.314         44.3   40.9   -3.4 (-9.2--2.4)   0.254         7.1 (-2.2--16.4)    0.134
  Satisfaction with delivery care                          97.6           99.0         1.5 (-0.4--3.3)            0.114         97.4   98.4   1.0 (-0.6--2.5)    0.220         0.5 (-1.8--2.8)     0.678
  Disrespect and abuse                                     8.3            8.1          -0.2 (-5.0--4.6)           0.929         9.2    6.8    -2.4 (-5.2--0.5)   0.106         2.1 (-3.5--7.8)     0.453
  PNC in 48 hours of the mother (both home and facility)   26.6           48.8         22.2 (15.9--28.6)          **\<0.001**   28.5   35.5   7.0 (2.4--11.5)    **0.003**     15.3 (7.4--23.2)    **\<0.001**
  PNC in 48 hours of the baby (both home and facility)     24.9           47.7         22.8 (16.4--29.2)          **\<0.001**   27.1   32.9   5.8 (1.4--10.3)    **0.010**     17.0 (9.1--24.8)    **\<0.001**
  Home PNC in 48 hours (mother)                            6.4            13.8         7.4 (2.9--11.9)            **0.001**     7.1    10.6   3.5 (-0.0--7.0)    0.050         3.9 (-1.8--9.6)     0.177
  Home PNC in 48 hours (baby)                              4.2            11.6         7.5                        **0.002**     5.0    7.4    2.4 (-0.7--5.5)    0.134         5.1 (-0.7--10.8)    0.084
  Stayed in facility for 24 hours or more                  22.3           41.5         19.2 (12.8--25.6)          **\<0.001**   23.8   29.5   5.6 (1.3--10.0)    **0.010**     13.5 (5.7--21.4)    **0.001**
  Birth notification (home birth)                          49.2           68.8         19.6 (13.4--25.8)          **\<0.001**   48.8   63.5   14.7 (9.5--19.8)   **\<0.001**   4.9 (-3.3--13.2)    0.240
  Birth notification (institutional birth)                 43.8           65.4         21.6 (14.9--28.3)          **\<0.001**   43.7   59.0   15.3 (9.8--20.8)   **\<0.001**   6.3 (-2.6--15.2)    0.163
  Used motor vehicle transport                             58.7           61.0         2.2 (-4.2--8.6)            0.493         56.9   64.3   7.5 (2.8--12.2)    **0.002**     -5.2 (-13.2--2.7)   0.194

We observed statistically significant intervention effects on skilled delivery; PNC (at home and health facility) of the mother in 48 hours; PNC (at home and health facility) of the newborn in 48 hours; and stayed in facility for 24 hours or more, were 7.9% (1.8--13.9); 15.3% (7.4--23.2); 17.0% (9.1--24.8); and 13.5% (5.7--21.4), respectively.

However, the DiDs were not statistically significant (*p*\>.05) for first ANC; complete ANC; four and more ANC visits; perceived knowledge of providers; women's satisfaction with delivery care score; birth notification; motor vehicle use for transport; and experience of any form of disrespect and abuse during childbirth.

Perceived effect of the intervention {#sec023}
------------------------------------

The following perceived effects of the strategy were identified: 1) increased service use and improved quality of care; 2) enhanced knowledge and skill of health workers and provision of standardized care; 3) enhanced community involvement; 4) strengthened linkages between communities and the formal health care system; and 5) helped to measure and evaluate quality.

### Improved service use and quality of care {#sec024}

WDA informants mentioned that the project brought tremendous changes in their village as a result of implementing this strategy. As WDA in SNNP said, "Changes are untold compared to the past."

According to the informants, this strategy increased care-seeking behavior of pregnant mothers who participated in the project. The community realized how important beginning first ANC at three months for avoiding pregnancy-related risks, and women began disclosing their pregnancy to network/WDA members and getting ANC in the first trimester. According to the accounts of the interviews, another result of the strategy was that dropout rates across the continuum of MCH care decreased.

### Enhanced the knowledge and skills of health workers {#sec025}

Informants perceived enhanced health worker capacity in and community engagement in MNH services. The project's participatory design and continuous learning process heightened WDA members' awareness of the quality of MNH services. This knowledge was transferred to WDA members to mothers subsequently.

"The good legacy of the strategy is it showed us what components of MNH services we should provide mothers and newborns." -Health center informant in Amhara.

Participants observed that training and technical assistance filled skill gaps and standardized practice among health workers.

### Strengthened linkages between communities and the formal health care system {#sec026}

Interview participants also reflected that the PC-Solution strategy helped to enhance linkages between HEWs and WDAs. It also strengthened the linkage between health centers and posts and connected communities to the health system. Respondents said that a strong link has created among WDAs, HEWs, and community. "As positive consequences ...we established a strong relationship among community, WDAs, HEWs, and health center staff."*--*Health center informant, SNNP.

### Introduced quality of care indicators with the routine monitoring and evaluation systems of the PHCUs {#sec027}

Respondents said that they used to evaluate coverage of MNH services; since PC-Solutions, they are measuring and evaluating MNH services in the view of quality. Participants mentioned that they learned how to conduct formative assessment, design solutions, and how to measure performance.

"From PC-Solution, I learned how to review my work with evidence and generate change ideas."*--*Health center informant, Amhara.

Facilitators of and barriers to implementation {#sec028}
----------------------------------------------

### Facilitators {#sec029}

Participants said that full stakeholder participation in all stages of the project, strong coordination, robust support, continuous performance review, and staff commitment facilitated the implementation of the PC-Solutions strategy.

Another key to the strategy's success was high community engagement in QI planning, implementation, and monitoring. Informants mentioned that having shared responsibilities at all levels of the woreda health system and a detailed micro-plan, indicating who is responsible for what and when was also helpful. They also indicated that the development of coordinated activities, especially communication between the community, WDAs, HEWs and health center staff was another success factor.

"The project brought a new idea. It was participatory in that everyone who was supposed to be stakeholder was participating in the project and focused on continuous assessment of the problems and identifying potential solutions, plan accordingly and continues like this to get better results every time the team meets", health center participant in Tigray.

Early PNC adoption was attributed to HEWs, who visited newly delivered mothers at home traveled long distances and often difficult roads and terrain, and to health center staff, who encouraged mothers to stay at facilities least 24 hours post-delivery for early PNC.

### Barriers {#sec030}

The implementation of this strategy was accompanied by several challenges, including staff turnover at the health centers, the workload of the health workers and HEWs, competing priorities of the health service providers and the WDAs, and magnesium sulfate (MgSO4) and vacuum extractor shortages.

High staff turnover compromised quality improvement because it took 2--3 months to train people in QI. Frequent community leadership change also hindered QI committee implementation. As HEW in SNNP said, "The kebele was not stable for the last two years; leadership was constantly changing. Due to this, QI committee was not working regularly and I can say it wasn't functional. Workload, coupled with lack of HEW, hindered the QI project; I am the only HEW in the kebele and have remote villages that are difficult to reach."

High client caseloads at health center thwarted PC-Solutions implementation. It also overloaded birth attendants, who were unable to attend women in delivery adequately and which caused mothers to give low delivery satisfaction scores. Unmanageable workloads lead staff to provide contact-focused rather than content-focused care, which led to insignificant intervention effects for specific ANC indicators. Respondents reported poor counseling and care quality, which likely contributed to the low use of ANC services. As study participants noted, if ANC counseling is not well organized and pregnant women are not convinced to visit the health center again, it is unlikely that they will come for subsequent appointments.

Due to competing priorities such as campaigns, QI events, in particular meetings, were held irregularly. And when staff were working on other assignments, MNH services were compromised.

Shortages of inputs such as MgSO4 and vacuum extractor sets, which were not available at the market, also contributed to poor performance of BEMONC signal functions at health centers.

Discussion {#sec031}
==========

This evaluation demonstrates that participatory QI improved use of MNH care services including early ANC care-seeking, skilled delivery, and provision of home- and facility-based PNC for both the mother and the newborn. Interview respondents also perceived that the PC-Solution strategy resulted in a number of changes in the use and quality of MNH services. Participants said that links between communities and health systems and between the health center, health post, and community improved. Communication between WDA and community members improved as WDA member knowledge did.

These findings are in line with a systematic review of participatory learning and action cycles with women's groups reporting improved clean home-delivery practices and uptake of any ANC \[[@pone.0228137.ref035]\], and with other studies on participatory community QI approaches that reported improved use of maternal health services \[[@pone.0228137.ref033], [@pone.0228137.ref037]\].

In this study, skilled delivery coverage was higher in the intervention than in the control areas. Mixed findings were reported from women's group trials. It is in line with a previous quasi-experimental study in Ethiopia that engaged communities in identifying barriers to access and quality of services and reported an 11 percentage-point increase in average treatment effect in institutional deliveries \[[@pone.0228137.ref037]\]. But it is inconsistent with other studies elsewhere. For instance, studies from India, Bangladesh, and Malawi reported no effect on increasing health facility deliveries \[[@pone.0228137.ref036], [@pone.0228137.ref038], [@pone.0228137.ref039], [@pone.0228137.ref058]--[@pone.0228137.ref060]\]. And a systematic review of community-based interventions packages and a quasi-experimental study in Tanzania and Uganda also did not show significant improvement in skilled attendance at birth \[[@pone.0228137.ref061], [@pone.0228137.ref062]\].

Unlike other studies conducted in Ethiopia, Bangladesh, and India \[[@pone.0228137.ref037]--[@pone.0228137.ref039]\], this study indicated that community participation had a positive effect on PNC coverage. This might be due to improving HEW home visits regularity, which is supported by previous studies showing that community participation improved the accountability of health care providers \[[@pone.0228137.ref033], [@pone.0228137.ref063]\], and improved birth notification systems and practices of keeping women at facilities for at least 24 hours after delivery for PNC.

Contrary to respondents' opinion that early care-seeking behavior of pregnant mothers improved following the intervention, early ANC booking, and quality of maternal services did not significantly change over time. Complete ANC (ANC 4 and more visits), ANC counseling score, women's satisfaction with delivery care, and experience of any form of disrespect and abuse during childbirth did not show significant improvement in this study. This is in line with a cluster-randomized controlled evaluation of a community participation intervention in Malawi that reported no significant difference in perceived quality of delivery care and sufficient ANC \[[@pone.0228137.ref033]\]. Although disrespect and abuse during childbirth were not prevalent in this study, the reliability and validity of disrespect and abuse measurements are not well known \[[@pone.0228137.ref064]\]. As mentioned by respondents, a possible reason for non-significant intervention effects observed for specific ANC indicators is the practice of contact-focused rather than content-focused care. The other possible reason for no improvement in complete ANC, ANC 4 and more visits, and women's satisfaction with delivery care is the short intervention period. These thematic areas were introduced later in 2017 and only had about one year of implementation, so these outcomes took place before the intervention strategies were matured. Moreover, the quality of care measure to events spread over the past 12 months preceding the follow-up survey. As such, many respondents in the intervention area were not exposed to aspects that were introduced during the second part of 2017.

About two-thirds of the health centers were ready to provide the seven BEmONC functions, but only 13% of these did so in the past three months preceding the survey. Though this is much higher than the recent national EmONC survey findings \[[@pone.0228137.ref015]\], a significant number of health centers did not provide parenteral anticonvulsants or remove placenta manually. Moreover, most health centers lacked readiness and/or provision of most newborn signal functions including KMC, alternate feeding for not breastfeeding babies, antibiotics for preterm premature rupture of membrane, corticosteroids for preterm labor, and antibiotics for sepsis. As such, availability of critical MNH equipment and drugs needs to be improved and facilities need to upgrade their provision of EmONC functions.

Percent of deliveries used partograph and provision of prophylactic uterotonics for AMTSL to prevent PPH increased over the survey periods. The percent of health centers using paragraph was higher than the national EmONC survey \[[@pone.0228137.ref015]\]. Moreover, access to and use of most maternal and newborn critical interventions, including syphilis testing, facility delivery, asphyxiated newborns managed with Ambu-bag and mask, and preterm/low birth weight babies initiated on KMC improved over time. However, the percent of expected PSBI cases managed at health centers declined over the survey periods. This could be because HEWs began managing PSBI cases through a community-based newborn care program.

This study examined the complex participatory community QI interventions in maternal and newborn health by interviewing those who were involved in the design and implementation of PC-Solutions strategy. Researchers explored the extent of community engagement in the health system and motivating and demotivating factors for sustained engagement in the health system. As such, the findings should be relevant to similar QI projects and stakeholders who intend to scale similar interventions.

The support system, which means facilitating review forums, conducting supervisions and mentoring from partners and/or woreda health office, was critical to the implementation of this participatory intervention. Woreda-level joint reviews were used to evaluate PHCU activities and identify service and knowledge gaps, and launch interventions between communities. They also motivated and capacitate stakeholder knowledge for further engagement and keeping their momentum. Continuous refresher trainings and supportive supervision visits to monitor and coach were helped deliver expected outcomes. Regular performance review and continual support help ensure provision of high-quality health care services.

We did multiple analyses for multiple different endpoint outcomes. Adjusting p-values is often recommended when conducting multiple hypotheses tests \`simultaneously' \[[@pone.0228137.ref065]--[@pone.0228137.ref068]\]. However, it is not always necessary \[[@pone.0228137.ref069]--[@pone.0228137.ref071]\]. As such, we did not adjust the p-value in our case as it would have increased the probability of making type II error, i.e., concluding that the intervention was not effective when it is true \[[@pone.0228137.ref069], [@pone.0228137.ref070], [@pone.0228137.ref072], [@pone.0228137.ref073]\].

Although combining PSM with DiD methods can help resolve the problem of time-invariant unmeasured confounders, the presence of time-varying unobserved confounders would bias the observed treatment effects. For instance, other programs or other developmental inputs (road, health facility construction, etc.) that influence MNH could be kebele-level time-varying or time-invariant confounders. If the government or any other development agency were implementing QI interventions for MNH services in the PC-Solutions areas, then the intervention effects estimated would be biased. However, there is no compelling reason to believe that the government or other development partners were systematically providing inputs in the intervention areas but not the comparison areas. The other major confounder is the Hawthorne effect because the intervention area was not masked. The providers knew that they were under study, which may have led them to perform better than they normally do. Moreover, study results may have been subjected to recall and social desirability biases because the survey used a 12-month recall of self-reported behavior.

We analyzed and presented the consistency between the findings with the quantitative study and the existing body of knowledge. However, one limitation could be that feedback from participants on the findings was not sought.

Conclusions {#sec032}
===========

The PC-Solutions strategy suggests community engagement in the design and implementation of QI would improve MNH outcomes. Engaging communities in the design of the intervention would yield local solutions to local problems. As such, scale-up of QI initiatives would benefit from the engagement of all relevant local stakeholders throughout the design and implementation. Using community wisdom to implement interventions increases sustainability. Moreover, a strong support system was critical to the implementation of this participatory intervention. Further research is needed in this area before concluding that disrespect and abuse was low.

Supporting information {#sec033}
======================

###### Survey dataset.

This is survey data with variables and their values we used for the analysis.

(XLS)

###### 

Click here for additional data file.

###### Survey questionnaire.

Survey questionnaire we used to collect information from study participants. The first sheet contains variable definitions (data dictionary) in English and other local languages (Amharic, Oromiffa, and Tigregna), and the second sheet contains variable answer choices.

(XLSX)

###### 

Click here for additional data file.

###### In-depth interview guide.

This is an in-depth interview guide we used to interview the participants in our study.

(DOCX)

###### 

Click here for additional data file.

###### Consolidated criteria for reporting qualitative studies (COREQ): 32-item checklist.

(DOCX)

###### 

Click here for additional data file.
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The authors would like to appreciate and thank the reviewers for the constructive comments.

Our point-by-point responses to the reviewers are below each of the comments in italics. We also make sure that this version of the manuscript conforms the journal style.

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Comment well taken.

2\. Data availability. Please note that authors should not be the sole named individuals responsible for ensuring data access. If these data cannot be publicly deposited or included in the supporting information, e.g. due to patient privacy, legal reasons, or being provided by a third party, please explain why and explain how researchers may access them via a named data access committee or named ethics committee.

Comment well taken. And in this version, the data used for this analysis are submitted as supplementary material, S1 Appendix.

3\. Please specify in your financial disclosure whether the funders played any role in the study. This information should be included in your cover letter; we will change the online submission form on your behalf.

Thanks for reminding us. The following paragraph included in the financial disclosure section. "The article write-up and publication fee was supported by the Bill & Melinda Gates Foundation, Grant Number OPP1131042. JSI Research & Training Institute, Inc. has provided us support in the form of salaries for authors \[GT, AK, NZ, WB\]. However, any of the funders did not have role in study design, data collection and analysis, decision to publish, or preparation of the manuscript."

4\. Please specify whether an interview guide was used to interview the participants in your study. If yes, please describe and/or include a copy as a Supporting Information file.

Comment well taken. Interview guides were used to capture the data and in this version, interview guides are included as supplementary files, S3 Appendix.

5\. Please include additional information regarding the survey used in the study and ensure that you have provided sufficient details that others could replicate the analyses. For instance, if you developed a questionnaire as part of this study and it is not under a copyright more restrictive than CC-BY, please include a copy, in both the original language and English, as Supporting Information.

Comment well taken. Standard questionnaire was used to capture the data and in this version, the questionnaire is included as supplementary files, S2 Appendix.

6\. Please carefully proof read your manuscript. For example, there is a missing space in the abstract "...November 2017.Propensity scores...".

Well noted.

7\. Please amend your current ethics statement to address the following concerns:

a\) Did participants provide their written or verbal informed consent to participate in this study?

b\) If consent was verbal, please explain:

i\) Why was written consent not obtained?

ii\) How did you record/document participant consent?

iii\) Did the ethics committees/IRBs approve this consent procedure?

The ethics statement now addressed the issues raised and it reads as follows; "Ethical clearances for the surveys were obtained from the ethical review boards of Amhara, Oromia, SNNP, Tigray Regional Health Bureaus, and JSI. All the study participants were informed about the purpose of the study; benefits and hazards of the study were explained to all study participants, and each participant was notified of their right to opt out when responding to questions. Verbal Consent was sought and documented before conducting any interviews. If the respondent was less than 18 years old, then consent was sought from her husband or guardian. Majority of the respondents were not expected to be able to read or write; as such, written consent was not sought. If the respondent agreed to be interviewed after listening to the consent statement, the interviewer marked the questionnaire as consent given below the consent statement and then signed below that. The interviewer continued with the interview only after receiving and documenting the consent. The survey protocol submitted to the ethical review committee included the study questionnaire with the consent statement that described the consent obtaining procedure and it was approved by the committee. Moreover, the information obtained from the research participants were kept in private (codes were used during reporting of the IDI quotes)."

8\. Thank you for stating the following in the Competing Interests section:

\"The authors have declared that no competing interests exist.\"

We note that one or more of the authors are employed by a commercial company: JSI Research & Training Institute, Inc

a\. Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

b\. Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

c\. Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: <http://journals.plos.org/plosone/s/competing-interests>

Comment well taken. And the Funding Statement and Competing Interests Statement is updated as follows: "The article write-up and publication fee was supported by the Bill & Melinda Gates Foundation, Grant Number OPP1131042. The authors have been working for JSI Research & Training Institute, Inc., a commercial company. We declared that this commercial affiliation does not alter our adherence to PLOS ONE policies on sharing data and materials. JSI Research & Training Institute, Inc. has provided us support in the form of salaries for authors \[GT, AK, NZ, WB\]. However, any of the funders did not have role in study design, data collection and analysis, decision to publish, or preparation of the manuscript."

9\. Thank you for including your ethics statement:

\"Ethical clearances for the surveys were obtained from the ethical review boards of Amhara, Oromia, SNNP, Tigray Regional Health Bureaus, and JSI. All the study participants were informed about the purpose of the study; benefits and hazards of the study were explained to all study participants, and each participant was notified of their right to opt out when responding to questions. Consent was sought before conducting any interviews. Moreover, the information obtained from the research participants were kept in private (codes were used during reporting of the IDI quotes).\"

a\. Please amend your current ethics statement to confirm that your named institutional review board or ethics committee specifically approved this study.

b\. Once you have amended this/these statement(s) in the Methods section of the manuscript, please add the same text to the "Ethics Statement" field of the submission form (via "Edit Submission").

For additional information about PLOS ONE ethical requirements for human subjects research, please refer to <http://journals.plos.org/plosone/s/submission-guidelines#loc-human-subjects-research>.

The ethics statement now amended as follows; "Ethical clearances for the surveys were obtained from the ethical review boards of Amhara, Oromia, SNNP, Tigray Regional Health Bureaus, and JSI. All the study participants were informed about the purpose of the study; benefits and hazards of the study were explained to all study participants, and each participant was notified of their right to opt out when responding to questions. Verbal Consent was sought and documented before conducting any interviews. If the respondent was less than 18 years old, then consent was sought from her husband or guardian. Majority of the respondents were not expected to be able to read or write; as such, written consent was not sought. If the respondent agreed to be interviewed after listening to the consent statement, the interviewer marked the questionnaire as consent given below the consent statement and then signed below that. The interviewer continued with the interview only after receiving and documenting the consent. The survey protocol submitted to the ethical review committee included the study questionnaire with the consent statement that described the consent obtaining procedure and it was approved by the committee. Moreover, the information obtained from the research participants were kept in private (codes were used during reporting of the IDI quotes)."

10\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

Comment well taken. And Table is inserted as source in the text.

11\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For more information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially sensitive information, data are owned by a third-party organization, etc.) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

The survey dataset we used for the analysis is provided as supplementary information (S1 Appendix).

Additional Editor Comments (if provided):

I commend the authors for this important work and hope they can sufficiently address the comments from myself and Reviewer \#1.

Major Comments:

The qualitative results are difficult to interpret given the lack of detail about the methods of data collection and analysis. Please give more detail about the qualitative portion of the study, referring to PLOS ONE guidelines below:

Qualitative research studies should be reported in accordance to the Consolidated criteria for reporting qualitative research (COREQ) checklist. Further reporting guidelines can be found in the Equator Network\'s Guidelines for reporting qualitative research

The qualitative section "improved service utilization and qualitative of care" does not seem to add much to the overall study. What value does perceived effectiveness add if there is quantitative data to more objectively assess effectiveness? How do we know the answers of the WDA to their funders were not influenced by social desirability bias?

Comment well taken. The qualitative sections are moved as suggested by Reviewer \#1 and the COREQ checklist is followed. Moreover, the possibility of recall and social-desirability bias are presented as limitations of this paper in the Discussion section.

I agree with Reviewer \#1's comment about the multiple outcomes. Was there a primary outcome that was chosen prior to the trail as the indicator of intervention success, or one that the intervention was most focused on achieving? Or, among the many indicators, was there any statistical adjustment for multiple outcomes?

The project was designed to influence multiple RMNCH indicators including antepartum, intrapartum, and postpartum. As, it was clearly indicated in the project document as well as the research protocol, below are the list of indicators the project intended to influence;

Antenatal care: antenatal care (ANC); complete ANC (BP measured and urine & blood tested); ANC in 1st trimester; 4 or more ANC visits (ANC 4+), ANC in 1st & last trimester

Perinatal care: Institutional delivery/skilled health personnel; institutional delivery among the lowest wealth quintile; MgSO4 given for pre-eclampsia; Oxytocin given during 3rd stage of labor; partograph use rate; met need for emergency obstetric & newborn care (EmONC); signal functions of basic EmONC (BEmONC); still birth rates.

Postnatal & newborn care: newborn care, neonatal infection; neonatal asphyxia managed; postnatal care (PNC) in 48 hours; complete PNC in 48 hours.

As such, there was no adjustment made for multiple hypothesis testing.

The literature review could be more robust, especially when referencing evidenced-based intervention (e.g. kangaroo care), please take care to add appropriate citations.

Comment well acknowledged. Availability of evidence-based, low-cost, life-saving MNH interventions as well as their impact and implementation challenges are now presented in the Introduction section, paragraph 1 and 2 of this version.

Minor Comments:

Abstract

Please edit for grammar: line 21 "We evaluated the effects of this strategy using a mixed methods research" and again in line 80 (take out "a" or rephrase to: "a mixed-methods research strategy)

Line 25 A general reader would not know what is meant by "kebeles". Please define or reword

Thanks for the comments. Now, it is corrected

Intro

Grammar: line 45 "there is high fall out rates"

Thanks for the comments. Now, it is corrected

Table 2

Readiness to perform signal functions

\- Please indicate if the "availability of..." indicators use a dichotomous (yes/no) response, or if there is some other measure of levels of availability

Comments well acknowledged and indicated as yes/no response.

Lines 238-248: Please justify your choice of these variables as potential confounders, and if appropriate add references

Please justify with a reference or other explanation the choice of a 0.2 p-value for the logit stepwise backward selection

Potential confounders are identified from previous studies and these variables are indicated in the Introduction section of the manuscript, Page 4, line 54-59.

Thanks a lot for the comments. Scholars recommended to match variables on the logit of the propensity score using calipers of width equal to 0.2 of the standard deviation of the logit of the propensity score when estimating differences in means or risk differences. Relevant references are now cited (Austin, 2009, 2011)., page 19, line 300.

Line numbers stop on page 31.

Thanks for the comments. Now we make the line number continuous.

There appears to be a missing quotation in the middle of page 34

Sure, it was missed. Now, inserted.

Middle of page 36: Please give some more detail about the "previous study in Ethiopia" and how the results of the present study align with it.

Well acknowledged and addressed as suggested.

Middle of page 38: "synthesized to unpack" sounds contradictory

Noted and corrected

Throughout:

Recommend italicizing "woreda" and other local terms

Be consistent in capitalization for Family Conversation and Birth Notification

Comments well taken

Comments to the Author

1\. Is the manuscript technically sound, and do the data support the conclusions?

Reviewer \#1: Partly

Major revisions made on the data presentation, particularly the qualitative section.

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

3\. Have the authors made all data underlying the findings in their manuscript fully available?

Reviewer \#1: No

Now included as supplementary file, S1 Appendix.

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

Reviewer \#1: No

We improved the language in this version.

5\. Review Comments to the Author

Reviewer \#1: I commend the authors on synthesising results of this important evaluation of a complex intervention strategy in multiple regions of Ethiopia. I wish to offer the following substantive and minor comments.

Substantive comments:

1\. This is an evaluation of a complex intervention with multiple components. It would be helpful to include a table with all intervention components, their timeframes and geographical coverage in the methods section.

Comment well acknowledged. Table 1 is inserted in this version.

2\. Strengthen and move qualitative sections:

In this article, the qualitative sections are used to: (a) help describe the interventions; (b) highlight barriers and facilitators to implementation; and (c) derive lessons for future implementation. Unfortunately all this is done without presenting any actual qualitative data. I would recommend simplifying this and using a table or diagramme to present the content of interventions (the innovation and implementation mechanisms, line 287 onwards) and removing the sections where qualitative data on intervention implementation are summarised. I would also recommend condensing sections on lessons learned or providing data to support the statements made there. The most valuable use of the qualitative data is in the section on barriers and facilitators. This can be strengthened through the use of quotes and reporting of discrepant cases, otherwise they is no actual qualitative analysis, just a brief summary of views from programme insiders.

Consider moving remaining qualitative sections (barriers and facilitators) after the DID results so they help explain your results. If you do not feel like you can do the above, I would recommend publishing the qualitative analysis in a separate article where you can really do it justice.

Finally, I would remove the reference to themes \'emerging\' from the data as it seems that data were mostly coded in response to the research questions.

Comment well taken. Detailed description of the intervention is now presented in Table 1. Moreover, the qualitative sections are moved as suggested. More quotes are added to strengthened the evidence of the findings.

3\. Background - You could state what the quantitative research questions were/was, for balance. At the moment you also list the qualitative questions.

Comment well taken. We convinced that objectives can clearly convey the intended message. As such, in this version, only objectives of both the qualitative and quantitative studies are presented and for balance, we dropped the research questions of the qualitative study.

4\. Was the impact evaluation registered? If so where is this registration number?

This evaluation was indicated in the project document. Following the project design, a research protocol was developed. The evaluation protocol was not registered in any of the online registries. The authors can submit a draft protocol as supplementary material, if needed.

5\. The quantitative impact evaluation has multiple outcomes, was there an a priori data analysis plan, and was any adjustment made for multiple hypothesis testing?

The project was designed to influence the following antepartum, intrapartum, and postpartum indicators:

Antenatal care: antenatal care (ANC); complete ANC (BP measured and urine & blood tested); ANC in 1st trimester; 4 or more ANC visits (ANC 4+), ANC in 1st & last trimester, tested for Syphilis.

Perinatal care: Institutional delivery; skilled birth attendance; MgSO4 given for pre-eclampsia; prophylactic uterotonics; antibiotics for pPRom; antenatal corticosteroids; partograph use rate; met need for emergency obstetric & newborn care (EmONC); signal functions of basic EmONC (BEmONC); still birth rates.

Postnatal & newborn care: Immediate drying the baby; immediate breastfeeding; kangaroo mother care of facility deliveries; safe cord care; thermal care; neonatal resuscitation; neonatal infection management; maternal postnatal care (PNC); complete maternal PNC; neonatal postnatal care (PNC); complete neonatal PNC; FP counseling provided during PNC.

This evaluation was based on the project document. As such, there was no any adjustment made to test multiple hypothesis after or before data collection.

7\. Abstract and Results - Your data do not support that \"receiving early antenatal care between baseline and follow-up surveys in the intervention area is attributable to the strategy\" because the confidence interval includes 0, i.e. the possibility of no effect. This needs to be removed.

Comment well taken.

8\. Discussion - the main reason for lack of effect on most MNCH indicators aside from skilled care at birth and receipt of PNC for mother and baby was the minimal intervention duration time. Does anything else explain the results?

Comment well take. And in this version, we supplemented the possible reasons from the qualitative study for low intervention coverage. Page 43, line 706-9.

9\. Discussion - A key limitation of the qualitative work is the lack of sampling community members not linked to the project, i.e. non-project-based staff, HEWs or HDAs. Is there a reason why you did not speak with mothers about their views of what changed and what did not?

The main objective of the qualitative study was to describe the process of implementation and understand the complex participatory QI process; highlight barriers and facilitators of the implementation and scalability of the intervention. We believe active community level intervention players, community volunteers (WDAs) and front line health workers (HEWs) would be the key informants for the purpose. Accordingly, we did not interview mothers, direct beneficiaries for the project.

10\. For your consideration - I would avoid the use of the term \'innovations\' - community interventions like family conversations and facility or health systems-levels interventions like QI or PDSA cycles are not really \'innovations\'. They may be in this context, but there is a long history of their use in multiple contexts. The donor-favoured term \'innovation\' is a little tiring; can we just call an intervention an intervention?

Comment well taken.

11\. Conflict of interest: the senior author of this article is from the Gates Foundation, which also funded the writing of this article and, critically, the interventions being evaluated. The role of Foundation-paid staff in writing up/editing results from their own projects needs to be explained or declared more clearly as a conflict of interest. Please see recent demands for transparency in such situations: <https://gh.bmj.com/content/4/3/e001746>

The senior author of this manuscript has been working for JSI Research and Training Institute Inc. during the design, field work, and report-up of this manuscript. He recently left JSI and joined Gates Foundation, In February 2019.

We updated the Funding Statement and Competing Interests Statement as follows: "The article write-up and publication fee was supported by the Bill & Melinda Gates Foundation, Grant Number OPP1131042. The authors have been working for JSI Research & Training Institute, Inc., a commercial company. We declared that this commercial affiliation does not alter our adherence to PLOS ONE policies on sharing data and materials. JSI Research & Training Institute, Inc. has provided us support in the form of salaries for authors \[GT, AK, NZ, WB\]. However, any of the funders did not have role in study design, data collection and analysis, decision to publish, or preparation of the manuscript."
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27 Nov 2019

PONE-D-19-15140R1

Effectiveness of Participatory Community Solutions Strategy on Improving Household and Provider Health Care Behaviors and Practices: A Mixed-Method Evaluation

PLOS ONE

Dear Mr Tiruneh,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

We apologize for the delay in returning this. I could not identify additional reviewers for this round, but have reviewed your work and provided my own review. Thank you for taking the time to carefully address the comments on the original submission. I do think this version is much improved, but do ask that you attend to the editorial comments below.

==============================

We would appreciate receiving your revised manuscript by Jan 11 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Emily A Hurley, M.P.H., Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Intro

Third line- "being" can be deleted, can be simply "care provided"

First line of second paragraph: specify what "it" is

Last paragraph of the intro could be improved. In the line proceeding, you indicate that the study was mixed-methods, and then only describe the qualitative component in the next paragraph. Be clear as if you are presenting results from the quantitative sections or not. If so, state the overall objective of the mixed-methods study as well as the quantitative and qualitive sections.

Methods

More detail on the qualitative analysis methods are needed. I once again recommend the COREQ checklist to ensure you report on all the necessary criteria for qualitative studies, particularly the data analysis section. How many coders? How were themes derived? What did the coding tree entail? (etc..)

Results

The first sentence of this section needs editing, as the results are not longer presented in four sections.

It does seem like with so many different statistical tests, adjusting the p-value for multiple comparisons is warranted, particularly when the authors place so much emphasis on the 0.05 value as a cut-off for significance. Please adjust for these multiple comparisons or provide more detail as to why this is not necessary in your current study.

For the qualitative quotes please cut the participant identifiers (e.g. HDA33235) or explain their significance. As they stand now they are difficult to interpret.

Please edit this section for grammar as well e.g. there is a sentence fragment "participants in Amhara (IDI11413)" after the first quote of the "enhanced the knowledge and skills of health workers" section. There are also many references to "participants" as plural after quotes- were all of these quotes said by more than one person?

Discussion

There are still a number of typos. Please proofread carefully (e.g. "chanege\" should be "change" in 5th paragraph of discussion)

Please define "support system" as you refer to it in this section. From the paragraph, it looks like you are referring to a strong network of implementing partners, but please be specific, as "support system" could take many different meanings.

\[Note: HTML markup is below. Please do not edit.\]

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0228137.r004

Author response to Decision Letter 1

8 Jan 2020

Point-by-point response to reviewer/editorial

Version 2

Journal: PLOS ONE

Title: \" Effectiveness of Participatory Community Solutions Strategy on Improving Household and Provider Health Care Behaviors and Practices: A Mixed Method Evaluation (PONE-D-19-15140R1)"

The authors would like to appreciate and thank the editor for the constructive comments.

Our point-by-point responses are below each of the comments in italics. We also make sure that this version of the manuscript conforms the journal style. The manuscript is reviewed by a native speaker, Julie Ray.

Intro

Third line- "being" can be deleted, can be simply "care provided"

First line of second paragraph: specify what "it" is

Thank you so much for the comments. The language is now edited with a native speaker and grammatically improved.

Last paragraph of the intro could be improved. In the line proceeding, you indicate that the study was mixed-methods, and then only describe the qualitative component in the next paragraph. Be clear as if you are presenting results from the quantitative sections or not. If so, state the overall objective of the mixed-methods study as well as the quantitative and qualitive sections.

Thanks a lot for the valuable comments. The quantitative component is now described (line 94-96, page 6).

Methods

More detail on the qualitative analysis methods are needed. I once again recommend the COREQ checklist to ensure you report on all the necessary criteria for qualitative studies, particularly the data analysis section. How many coders? How were themes derived? What did the coding tree entail? (etc..)

Thank you so much for the valid comments. Details are included regarding data collectors, saturation, analysis (coding and theme), ﬁndings, and reporting (line 242-63, page 15 and line 313-20, page 20).

Results

The first sentence of this section needs editing, as the results are not longer presented in four sections.

Comment well taken. This section is now edited and presented on page 20 (line 322-4) and page 29 (line 404-8).

It does seem like with so many different statistical tests, adjusting the p-value for multiple comparisons is warranted, particularly when the authors place so much emphasis on the 0.05 value as a cut-off for significance. Please adjust for these multiple comparisons or provide more detail as to why this is not necessary in your current study.

Thank you so much for the valuable comments; comments are well acknowledged. Adjusting the p-values for multiple hypotheses tests is not always necessary. Since we report the p-values, the readers have the opportunity to make adjustments if they feel necessary. To address the issue, we added the following to the discussion section, page 36, line 561-5.

"Adjusting p-values is often recommended when conducting multiple hypotheses tests \`simultaneously' \[1-4\]. However, it is not always necessary \[5-7\]. As such, we did not adjust the p-value in our case as it would have increased the probability of making type II error, i.e., concluding that the intervention was not effective when it is true \[8, 5, 6, 9\]."

For the qualitative quotes please cut the participant identifiers (e.g. HDA33235) or explain their significance. As they stand now they are difficult to interpret.

Please edit this section for grammar as well e.g. there is a sentence fragment "participants in Amhara (IDI11413)" after the first quote of the "enhanced the knowledge and skills of health workers" section. There are also many references to "participants" as plural after quotes- were all of these quotes said by more than one person?

Comments are well taken and all participant identifiers are defined and grammatical errors are fixed.

Discussion

There are still a number of typos. Please proofread carefully (e.g. "chanege\" should be "change" in 5th paragraph of discussion)

Thank you so much for the comments. The language is now edited with a native speaker and grammatically improved.

Please define "support system" as you refer to it in this section. From the paragraph, it looks like you are referring to a strong network of implementing partners, but please be specific, as "support system" could take many different meanings.

Thanks for the valuable comment. It is now defined (line 553-4, page 36)
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